Benzene (C 6 H 6 ) and toluene (C 7 H 8 ) are toxic to humans and the environment. They 22 are also important precursors of ground-level ozone and secondary organic aerosols 23 and contribute substantially to severe air pollution in urban areas in China.
specifically for the layer from the surface up to a specified height in the planetary 143 boundary layer (100 m used by this study and previous studies, e.g., (Stohl et al. 144 (2009))). The spatial resolution of the output from the backward simulations is 0.25°× and toluene are ~10 days and ~2 days, respectively).
177
For benzene, gridded a priori emission fields for mainland China were derived the world, a priori emissions were taken from RCP 2.6 inventory (0.5°×0.5°, yearly Figure S1 for benzene and Figure S2 for toluene), confirming that 20-day-backward 238 simulations are sufficiently long to account for all benzene and toluene emission 239 sources that can influence the mixing ratios at the Heshan site. Since the lifetime of 240 benzene is ~10 days (much longer than that of toluene), we also made a 241 40-day-backward simulation from which the emission sensitivities for benzene are 242 also almost identical to the reference simulation of 20 days ( Figure S3 ). Without 243 accounting for the loss by reaction with OH in the atmosphere, the emission 244 sensitivities for benzene would only be a little higher (by ~10% in central PRD)
245
( Figure S4 ). On the other hand, the emission sensitivities for toluene would be much 246 higher (by ~50% in central PRD) ( Figure S5 ). This indicates that accounting for 247 chemical loss has a relatively small effect for simulating benzene mixing ratios at Heshan, whereas it has a profound effect on toluene mixing ratios. Thus, errors in the 249 retrieved emissions due to errors in chemical loss are marginal for benzene but could 250 be significant for toluene. 
303
For toluene, the RMSE (1.50 ppb) between the observed and simulated mixing ratios 304 using the a posteriori emission fields from the inversion was smaller than that (1.55 305 ppb) using the a priori field; the mean bias (1.06 ppb) between the observations and 306 simulated mixing ratios using a posteriori emission fields was also smaller than that 307 (1.12 ppb) using the a priori field. Both the RMSEs and mean bias suggest that the a 308 posteriori emissions are more accurate than the a priori emissions. 309 We also made FLEXPART simulations driven by operational meteorological Ochiishi stations, we found that CFSR-driven FLEXPART simulations performed 318 slightly better than the ECMWF-driven simulations for the benzene simulations at the 319 Heshan site. Thus, the CFSR dataset was used in this paper. Table S1 ). Table S1 ).
343 Table 2 shows five estimates of total benzene and toluene emissions in the PRD 548 Ran, L., Zhao, C., Geng, F., Tie, X., Tang, X., Peng, L., Zhou, G., Yu, Q., Xu, J., and Guenther, 
